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ABSTRACT
UrbanHeatIsland(UHI) is aphenomenonwhichis affectedbyhumanactivities.Landusechangebyhuman
activities,expressedbyurbanizationthatmeansruralorsuburbanareaschangedtourbanareas.Thisstudyis
intendedtoidentifytheUHIphenomenainTangerangcity.Toanswertheaimofthisresearch,temperaturedata
is collected(directandindirectdata).Directcollectionfor air surfacetemperatureconductedbysurveying
somelocationcollectin24hourperiod(April2012)andanotherlocationbyrapid10- 15minuteindaytime
(April,July, AugustandSeptember2012).Thistechniquemployedmobiletemperatureandhumiditytools.
Secondaryairsurfacetemperaturedata(24hourperiod)during2009-2012alsouseinthisstudy.Indirectdata
employedLandsatTMonlytwoyeardata200I and2012for landsurfacetemperature.Satellitedataemployed
toidentifylandcoverchangetogetinformationaboutlandusechange.Theresultshownthatthetemperature
condition,bothair surfaceandlandsurfacetemperature,werechangedUHI phenomenoni TangerangCity
indicatedbytemperaturehigherthan3ife. Basedon landsurfacetemperature,UHI phenomenoni 2001
alreadyoccurredatsmallarea.UHIphenomenonin2012almostcoveredtheTangerangeityarea.UHI Index
in 2009is 3.ffe, in 2011is 1.50eandthen2012become1.2°e.ThisstudyconcludesthatUHI phenomena
foundsince2001andtrendof UHI IndexASTsince2009withaverageUHllndexASTof2°e.UHllndexLST
in2001is9.7ffeand2012is 13.9ffe
Key words:urbanheatislandphenomena,landcoverchanges.
ABSTRAK
UrbanHeatIslandadlaahsebuahfenomenayangdisebabkanolehaktifiasmanusia.Perubahanpenggunaan
tanahakibatdari aktifitasmanusiadigambarkandenganurbanisasi,yangberartipedesaanataudaerah
peralihandesakotamenjadiperkotaan.Penelitianini bertujuanuntukidentifikasifenomenaUHI di Kota
Tangerang.Untukmenjawabtujuanpenelitianini digunakanpengumpulandatasuhu(pengumpulandata
secaralangsungdantidaklangsung).Pengumpulandatalangsunguntuksuhuudarapermukaandengansurvey,
beberapalokasidiambilselama24jam (April2012)danbeberapalokasilainnyadenganpengambilandata
cepatselama10-15menitpadasianghari(April,Juli, AgustusdanSeptember2012).Teknikinimengunakan
alatpengukuransuhudankelembaban.Datasekundersuhuudara(24jam)selama2009-2011jugadigunakan.
PengumpulandatatidaklangsungmenggunakandataLandsatTMyangterdiridaridua[ahun,yakni2001dan
2012untukmenghasilkansuhupermukaantanah.Datasatelitdigunakanuntukidentifikasiperubahandata
tutupanlahansebagaiindikasiperubahanpenggunantanah.Hasil penelitianmenunjukkankeadaan
temperatur,baiktemperatursuhuudaradansuhupermukaantanahterjadiperubahan.FenomenaUHIdiKota
Tangerangterindikasidengantemperatllrebihdari3rte.Berdasarkansuhupermukaantanah,fenomenaUHI
padatahun2001telahterjadipadaareayangtidakluas.FenomenaUHI tahun2012terjadihampirmenutupi
seluruhKotaTangerang.UHI Indexdi tahun2009adalah3.ffe,padatahun2011adalah1.5°edankemudian
padatahun2012menjadi1.2°e.KesimpulandaripenelitianiniadalahfenomenaUHI sudahterdapatsejak
tahunn2001dantrenUHI IndexSuhuUdaraPermukaansejaktahun2009denganUHllndexrata-rata2°C
tiaptahun.SedagkanUHI IndexSuhuPermukaanTanahpadatahun2001adalah9.7ffcdanpadatahun2012
adalah13.9ffe.
Katakunci: fenomenaurbaneeatisland(UHf),perbahantutupantanah.
---- --- - - --
--
INTRODUCTION
IndonesianJournal of Geography,Vol 45,No.2, December2013: 101- 115
The IntergovernmentalP nelon Climate
Change(IPCC)FourthAssessmentReport
(AR4) has reportedthat globaltempe-
ratureshaverisenabout0.74°c sincethe
beginningof the20thcentury[Malaysian
MeteorologicalDepartment,2009].This
reportalso gives an indicationof the
impactof increasinglobaltemperatureto
urbanareaconditions,especiallyurban
heatisland.Eventhoughstudiesrelatedto
urbanheatIslandalreadyconductedbyso
manyresearchersinthepast-sinceHoward
in 1818[ParhamandHaghighat,2010],
casesof urbanheat island (UHf) are
increasingasa consequenceof urbaniza-
tionandraisingglobaltemperature[Oke,
1981in ParhamandHaghighat,2010].
UHI is a phenomenonwhereair tempe-
raturesin denselybuilt-upareasinsidea
city are higherthanthe suburbanrural
areas[WongandYu,2005].It alsoknown
as aphenomenonf risingtemperaturein
urbansettingsandurbanarea[Ichinoset
al.,2008;Kimand Baik,2005].UHf is a
mutualresponseof manyenvironmental
andmanmadefactorsandhasnot been
fullyexplored[Memonet.aI.,2009].
Casesof UHf in Indonesia,asrepresenta-
tionof tropicalcities,hasbeenstudiedby
Tursi1awatiin 2008as researcherf om
IndonesianNationalAerospace(LAPAN).
Thestudyconductedespeciallyin major
Indonesiancities,namelyBandung,Sura-
baya,SemarangandJakartabyemploying
Landsat(Land Satellite)data. Result
shownthatthereis growingurbanareain
Bandung-whichannually-ofabout1,029
ha (0.36%),Semarang1,200ha (0.83%)
andSurabaya531.28ha (1.69%).Urban
HeatIsland(hightemperature30-350C)
spreadingis locatedinthedowntownarea,
about12,606ha or 4.47%,Semarang
12,174haor 8.4%,Surabaya1,512haor
4.8%in annualbasis.UHf in Jakartaalso
conductedusingLandsatestimation,in
whichUHI spatiallyfoundto be centra-
lizedin downtownareasandspreadingto
thesurroundingarea.In both1989and
2002,distributionof UHf thatindicatedby
highsurfacetemperature(upperthan30
DC)is identifiedatthecentralareaof the
citywherebuildings,roads,parkingareas,
andothernon-vegetationsurfacetypesare
dominant.The UHf areaat thetimeof
satellitepassedin 1989isaround8,453ha,
butin 2002expandedtoabout56,834.On
the otherhand,lower temperaturesare
foundovervegetatedareas(suburban)and
waterbody areas.Comparisonof Ts
(temperatureestimation) distribution
between1989and2002showsthatthe
urbandevelopmentduringthose13years
has causedsignificantincreasein the
surfacetemperature.The increaseis not
limitedto the centralpartof thecity,
whichhasflat topography,butspreading
to the southern-hillypart as well
[Tursilawatiet.al.,2012].
THE METHODS
To answerthe aim of this research,
temperaturedataobtainedfromdirectand
indirectdatacollectionsare used.The
researchdatais includingdirectairsurface
temperatureandindirectdatafor landuse
andtemperaturechange.Datawhichare
collectedinthisresearchmainlyconsistof
fieldsurveydata,maps,tabulardata,and
satelliteimageriesfromthestudyarea.
Directcollectionsof air surfacetempera-
turedatawereconductedby fieldsurvey
fromvariouslocationat thestudyarea..
Somelocationcollectedin 24hourperiod
(April2012)andotherlocationcolectedby
rapid10- 15minutein daytime(April,
July,AugustandSeptember2012).Theair
temperaturesmeasuredbasedon interval
and storedin deviceinternalmemory,
whichthenweremanuallyacquiredfrom
themobiletemperatureandhumiditytool,
accordingtoSuzuki[2008].Mobiletempe-
ratureandhumiditytoolswereutilizedas
rapid measurementtechniquefor air
temperaturedata collection[Wong,and
Yu,2005].
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Secondarydataair surfacetemperature
during 2009-2012from Environmental
Bureau of TangerangCity used for
collecting24hourdata(datacollectedfor
oneweekwithinamonth,covering50air
qualitysampleslocation).Samplingof
temperatureconductedbasedon several
categories,includingresidentialareas,
centralbusinessor administrationareas,
busstations,andindustrialareas.Sample
locationsare selectedbasedon Suzuki
[2008],whomeasuredUHf in Japan.The
samplingsiteswere locatedin 2.5 km
gridsinthecentralpartofTokyoand5km
gridsin thesurroundingarea.The grid
sizes were determinedby the spatial
representativeof landcover/landuse.Air
surfacetemperaturedatameasuredusing
Hioki 3641device,with specification
consistsof two channels.Range of
temperaturemeasurementis about-20.00C
to 70.0°C. The rangeof internaltempe-
raturesensorandhumiditymeasurementis
about0.0%- 100%for relativehumidity
(rh) sensor. The device temperature
accuracyis::t0.50C(at0.0to35.00C)and
humidityaccuracyis=::t5%(at25°C).
IndirectdataobtainedfromLandsatETM-t
P122R064 (imageries captured at
15/0712001and 26/06/2012).Both two
yeardatain 2001and2012usedfor land
cover/landusechangeandlandsurface
temperatureidentification[HerninaetaI.,
2008;Tursilawati,2008;Mallick et.al.,
2008;Mallicket.aI.,2012;Tursilawatiet
aI., 2012].Supervisedmethodfor land
coveridentificationconductedbasedon
landusedatain 2005.LandUsedatain
2005is usedaccordingto Shidiq[2009].
equationfromTursilawatiet.al., [2012]
used for land surface temperature
estimation:
U=((LAfAX.-LMIN)/(QCALMAXMIN))) *-
(QCAL-QCALMIN) +LMINi. (1.1)
Where LA.=spectralradiance(wm-2S{I~lm-
I), QCAL =digitalnumbervalueatbandi,
LMIN).= minimumvalue of spectral
radianceatbandi (wm-2sr-1m-l),LMAX).=
maximumvalueof spectralradianceat
bandI (wm-2s{lm-l),QCALMIN = the
minimumquantizedpixelvalue(typically
DN equalto 1)correspondingto LMIN).,
QCALMAX = the maximumquantized
calibratedpixelvalue(typicallyDN=255)
correspondingtoLMAX.Spectralradiance
conversiontotemperature[HerninaetaI.,
2008; Tursilawatiet. al., 2012] with
equation:
T=K2/ln((K1/U)+1) (1.2)
WhereT is thetemperatureobtainedfrom
satellitesensor (Kelvin), Kl is the
calibrationconstant1 for LandsatTM
(607.76wm-2s{lm-1)andLandsatETM+
(666.09wm-2s{lm-I),K2 is thecalibration
constant2 for LandsatTM (1260.57K)
andLandsatETM+(1282.71K), andLA.is
thespectralradiancefromthe6thband
[Tursilawatiet.aI.,2012].Thelastprocess
is conversionfrom Kelvin to Celsius,
usingequation:
Temp-CELCIUS=Temp-KELVIN- 272.15=
T- 272.15 ...... (1.3)
The derivationof UHf valueis doneby
using a simple formula [Wataruand
Noorazuan,2010]equation1.4. UHf=
UrbanHeatIslandIntensity,max=maxi-
mumvalueof LSTu,min=minimumvalue
ofLSTr, u=urbanpointandr=ruralpoint.
UHI=max(LSTu)- min(LSTr) (1.4)
UHf phenomenonusestemperatureupper
than30°Cto identifyUHf phenomenaof
Air SurfaceTemperatureandLandSurface
Temperature.UHf is comparetemperature
in urbanand surroundingarea (rural)
calledUHf Index.UHf Indexbasically
usedTemperatureUrbanMax- Tempe-
ratureRuralMin. This studyusestempe-
ratureaveragefromtotalsampleairtempe-
rature.UHf indexusesequation:
UHI Index=Tmax-p- T-avg (1.5.)
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UHf Index=UHfIndex AST, Tmax-p=
Temperaturemaximuminsamplelocation,
T-avg=Temperatureaveragefrom total
temperaturesamplelocation.If in one
locationUHf Indexis higherthan5°C,it
meansthathelocationrepresentruralthan
UHf Indexnear1°C(urbanarea).If UHf
negative,it meansthatlocationmaximum
temperaturelower thanaveragetempe-
rature.UHf variationdependsQnspatial
(location)and temporaldataCQverage.
Final analysisconductedby generateing
mapof GfSmodellingfor UHf phenome-
non(spatialandtemporal)andUHf Index
for identifyingUHf phenomenain Ta-
ngerang.
RESULT AND DISCUSSION
LandCoverandLandUseChange
BasedonlandcoverchangedatainFigure
I, theareahasbeenclassifiedto street,
openspace,build up and impermeable
area,waterbody,vegetationcover,cloud
coverandcloudshadow.Build-upand
permeableareaschangedfrom7,065.41ha
in 2011to 11,252.58hain 2012(increa-
singto+4,187.17ha).Detailedlandcover
changeisshowninTableI.
TableI. LandCoverChange2001-2012
Generally,land coverchangegenerates
negativeimpacts,butin specialcondition
has positivevalue. For example,the
artificialakein thestudyarea,knownas
SituPondoh,becamelargerthanearlierin
200I. Vegetationcoveralsochanged,but
notaslargerasopenspace,build-upand
impermeablearea. Green area almost
observedat wide areain southareaof
Tangerang,biggerthangreenareain the
west,southandnorthareaofTangerang.
Landcoverchangedin accordancewith
landlanduse,whichrepresentequalcon-
dition. For example,there are many
locationsthatchangedfromnaturaland
area(openspace,vegetationcover)to
build-uparea(building,street,andimper-
meablearea).Interestingly,a waterbody
in thestudyarea,calledLakeCipondoh,
wasgettinglargerin 2012comparedto
2001.(Figure2).
Spatial-TemporalAir SurfaceTempe-
rature(AST) in 2012
This researchstartedby collectingair
surfacetemperaturesinceApril 2012.The
resultforall locationsareshownatTable
2.Forexample,temperaturedatainCipete
sub-districtandCikokolFlyovercollected
twice (in April and July). Temperature
dataat Duta GardenMarketcollected
twice,firstly in April and secondlyin
September.Temperaturedatafromother
locationcollectedforthreetimes(inApril,
JulyandAugust).Datarecordedfrom9.00
amuntil5.30pmatlocaltime.Air surface
temperaturevariedbetween25.60C(at
Officeof Karawacisub-district)o38.30C
(at CikokolFlyover)in April 2012.Air
surfacetemperaturein July 2012ranged
from 29°C until 35°C, temperaturein
August2012rangedfrom31°Cuntil35°C,
andtemReratureinSeptember2012ranged
from30C until34°C.Averageairtempe-
ratureApril-September2012is 30°Cuntil
36°C,temperatureinApril is32.740C,July
is 32.3loC,Augustis 33.18oC,September
is 33.570CandaverageApril-Septemberis
32.98°C.Air surfacetemperaturein Ta-
ngerangaredifferentfromspatialandtem-
poralbasis.Relatedto UHf phenolmena,
urbanheathatwerehigherthan30°Cgave
an indicationof UHf phenomenon.This
phenomenonalreadyobservedat Tange-
rangcity in 2012,expressedby average
temperatureatdaytimeinApril(32,74oC),
July (32,31°C), August (33,180C)and
September(33,57oC).
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No LandCover 200] 2012 Changed
(hectare) (hectare) (Hectare)
I CloudCover 373.59 0.00 -373.6
2 CloudShadow 150.75 0.00 -150.8
3 Street 1,945.58 ],945.58 0.0
4 OpenSpace 2,572,10 35.17 -2,607.3
5 Buildupand 7,065.41 11,252.58 +4,187.2
waterproofarea
6 Waterbody 28.31 171.55 +143.2
7 VegetationCover 6,428.63 5,159.49 -1,269.1
Total 18,564..37 18,564..37
Source:ImageAnalysis,2001and2012
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Figure1.LandCoverChange2001-2012
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Figure2.SampleLandCoverChange2001-2012andLandUseChange2002-2012.
Table2. Air SurfaceTemperatureatTangerangCity in 2012
No Location AverageAir Surfac Temperature (10minute) .C
April July August Sept Average
I PenungganganVillage 32.6 29.0 32.9 3\.5
2 CipeteVillage 33.9 29.4 31.7
3 PinangSub-District 33.4 3\.2 3\.8 32.1
4 GrahaBintaroHousing 34.6 3\.2 3\.0
5 CimoneBus.Stations 29.7 34.1 32.3
6 PasirJayaVillage 33.4 35.0 - - 3\.9
7 GemborVillage 33.4 34.4 34.2
8 KarawaciSub-District 25.6 33.9 34.0 33.9
9 PorisPlawadBusStations 34.5 33.1 34.4 3\.2
10 PorisIndahHousing 34.8 3\.9 33.8 34.0
II CipondohSub-District 33.2 32.4 33.5
12 CikokolFlyovcr 38.3 34.1 32.8
13 PupspemBuilding 33.8 33.6 36.2
14 CisadaenBuilding 34.6 33.8 33.7
15 MalabarMarket 3\.9 35.0 34.2
16 CibodasSub-District 31.3 - 34.4 33.4
17 IslamicVillge 27.9 33.4 32.8
18 BengkokMarket 35.8 34.3 30.7
19 DutaGardenMarket 3\.8 - 33.2 35.1
20 BendaSub-District 34.1 - 34.2 32.4
21 BendaVillage 32.3 - 33.7 34.1
22 NeglasariSub-District 29.8 - 33.3 33.0
23 BatuceperSubDistrict 35.7 33.6 3\.6
24 KarangTengahSub- 33.8 - 32.9 34.7
District
25 BPI MarketOftice 29.3 3\.4 33.3
26 H. MencongStreet 3\.9 - 30.8 30.4
AvgerageTempepature 32.7 32.3 33.2 33.6 3\.0
Source:SurveyandDataProcessing,2012
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Detailed time series of air surface
temperaturefor day time in Tangerang
city,forexamplein April 2012,is shown
inTable3andFigure3.Table3 explained
dynamicofairsurfacetemperaturestartin
9.00-9.29a.m.Thetemperatureis already
reached33.20C,and becamemaximum
35.70Cfordaytimein 12.00-12.29Then,
temperaturegoingdown29.00Cin 05.00-
05.29 pm. This result gave another
perspectiveaboutUHfphenomenoninday
time.IndaytimeofApril2012(since9.00
am until 04.00 pm), air surface
temperaturewerehigherthan30°C,meant
that UHf phenomenahas occurredin
Tangerangcity (temporalyduringday
time).
Spatial-TemporalMaximum,Minimum
andAverageof AST (2009,2010,2011,
2012)
Distributionof urban temperaturefor
detectingtheUHf phenomenonshownin
Figure4.
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The maximumtemperatureof urban
temperature>30°Cstartedfrom2009until
2012,almostofTangerangareawashigher
than30°C.Eventhoughthetemperature
eachyearwasnotincreasingcomparedto
thepreviousyearsincethereweremany
variationin the temperatureduringthat
period,the trendis still positive.For
examplein Benda sub-district,first
location indicatedthat maximumair
surfacetemperaturein 2009is 33°C,in
2011is 32°Candin 2012is 34°C.The
maximumtemperatureat secondlocation
in 2009is 33°C,in 2011is 34°Candin
2012is3SoC.OtherexampleinTangerang
sub-districtalso indicated that the
maximumASTtrendispositive.Maximum
temperatureat first locationin 2009is
32°C,in2011is32°Candin2012is33°C.
Thetemperatureatsecondlocationin2009
is 33°C,in 2011is 33°Candin 2012is
34°C.
CHI threshold
30:(
!I.oo , 10.00' 11.00, 12.00' 1300 I 14.00, 15.00, 1&.00' 17.00' WIB
Figure3.Air SurfaceTemperatureofTangerangCityatDaytimeinApril2012
Table3. Air SurfaceTemperatureatTangerangCity in April 2012
Date
24/4/12 33.8 33.57 - - 36.2
23/4/12 - 33.2 34.6 34.5 34.8 - 37.2 35.8 33.4 33.9 - 32.6 30.0 29.8
20/4/12 33.2 32.3 31.8 - - - 33.8 29.3 29.0 31.2 32.8 30.0 29.0
18/4/12 - 34.1 36.5 35.1 37.0 33.4 34.6 34.2 31.7 31.7
17/4/12 - - - 31.8 29.7 34.6 33.6 25.2 31.9 - 31.3 27.9 25.2
16/4/12 33.8 38.3 - 38.9 33.3 35.7 30.0 36.2 30.0
Average33.2 33.1 33.3 33.9 34.8 35.1 35.7 35.3 32.6 31.5 32.9 32.3 31.7 30.9 28.8 30.0 29.7
9.00 9.30 10.01 10.30 11.01 11.30 12.01 12.30 13.0] ]3.30 14.0] ]4.30 15.0] 15.30 16.00 16.30 ]7.00
- - - - - - - -
9.29 10.00 ]0.29 11.00 11.29 12.00 12.29 13.00 13.29 14.00 14.29 15.00 15.29 16.00 16.29 17.00 17.29
Source:Surveyand DataProcessing,2012
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Figure4.MaximumAirSurfaceTemperatureinTangerangCity(in2009,2011and2012)
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Figure5.MinimumAir SurfaceTemperatureinTangerangCity(in 2009,2011and2012)
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Distributionof minimumAST in Tange-
rangis shownin Figure6. Theminimum
temperaturein Tangerangis 22°C(2011)
to2SoC(2012).Forexample,firstloca-
tionin Bendasub-districtindicatedmini-
mumair surfacetemperatureof 24°Cin
2009,and 28°Cin 2012.Thesecondlo-
cationminimumtemperaturein 2009is
26°C,andin2012is 28°C.Otherexample
is Tangerangsub-district,whichalsoindi-
catedtheminimumAST trendis positive.
Thefirst locationtemperaturein 2009is
26°C,andin 2012is 30°C,whilethese-
condlocationtemperaturein2009is27°C,
andin2012is28°C.
Distributionof averagetemperatureis
shownin Figure6.Theminimumavera~e
temperaturein Tangerangcity is 26C
(2010)andmaximumaveragetemperature
is 38°C (2012).In Bendasub-district,
Observationatfirstlocationindicatedthat
averageairsurfacetemperaturein 2009is
29.SoC,in 2011is 32.SoCandin 2012is
37.SoCThe secondlocationmaximum
temperaturein2009is 29.SoC,in2011is
29.SoCandin 2012is 38°C.Tangerang
sub-districtalsoindicatedpositivetrendof
averageAST. The temperatureat first
locationin 2009is 29°C,in 2011is 31°C
andin2012is32.SoC.Thesecondlocation
temperaturein 2009is 29.SoC,in 2011is
29°Candin2012is32°C.
LandSurfaceTemperature(LS1)
Anotherway to understandUHf phe-
nomenonin thesudyareaconductedby
usingsatelliteimagedatafromLandsat
ETM+throughLandSurfaceTemperature
(LS1).LST is temperatureestimationfrom
landcover,in thiscase,obtainedin 2001
and2012.Resultof LST is thenvalidated
withtemperaturedatafromsampleloca-
tionsandweatherstations(nearor include
theareaof study).Spatialdistributionof
LST atTangerangcityin 2001is shown
Figure7, The LST is about17.7°Cuntil
31.8°C.The LST with temperaturecate-
gory 24-28oCis most dominantthan
temperatureof 21.2 - 24.7oC,and
- --
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temperature28.3 - 31.8oC. The LST
coveringsmall area is temperaturecate-
gory of 17.7-21.2oC.For thosearea,va-
lidationtakenby samplelocationsfor air
surfacetemperature.LST withtemperature
upper than 28.01°c were distributedin
Tajur housing area and Ciledug sub-
district.Minimum LST with temperature
less than 24.12oC were distributedin
Kelapa Indah sub-sub district and
Tangerangsub-district.AverageLST in
2001is 26.23°C.
TheLSTin July 26,2012(Figure.7)shown
thatconditionof temperaturein Tangerang
citywithdominatedby temperaturehigher
than28.3°Candmaximumtemperatureof
31.0oC.The LST with minimumtempe-
rature less than 22°C still shown, with
dominantminimumtemperatureis 26.6°C.
This condition indicatedthat during 10
years period (2001-2012),the trend of
urban temperatureincreasingvery fast
(average+30C/10 years,or0,30C/year).
Urban HeatIsland Phenomenon
UIII phenomenonfor AST
The UHI phenomenonin TangerangCity
is indicatedby temperaturehigherthan
30°Cthatoccurredsince2009. It means
the UHf phenomenonoccurredin Tange-
rang city by day time and night time.
thereforeit is almost24 hour occurred
Tangerangcity. Validationof this condi-
tionconductedby comparingwithweather
stationsin TangerangCity. Ciledug and
PondokBetungshownthatUHf phenome
startedin 1979 at Pondok Betungand
Ciledugstartedin 1983,basedon maxi-
mum temperature.Two weatherstations
shown UHf phenomenastill happenin
2006 (Pondok Betung)and 2008 (Cile-
dug).(Figure8).
AST had occurredin the maximumand
averagetemperaturein TangerangCity.
Temperature of maximum AST in
Tangerangcity is 38°C(2012).Thatis an
indicationthatUHf phenomenonfQrAST
has occurred in TangerangCity. That
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conditionvalidatedby maximumaverage
of Air SurfaceTemperature(AS]) in
TangerangCity, which is 32°C. This
temperatureis basedonasurveyconduct-
edbyEnvironmentalBureauofTangerang
City from2009until2012(Table4).The
;';'.
, ': ..,",.
I.'..."
'"'lio...
trend of maximum temperatureis
O.SoC/year,or 2°C/fouryears.Thiscondi-
tion is in linewiththr positivetrendof
UHfphenomenonformaximumASTsince
2009to2012.
''1 ..~.
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Figure6.AverageAirSurfaceTemperatureinTangerangCity(2009,2011and2012)
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Figure7.Spatial-TemporalofLandSurfaceTemperatureinTangerangCity(2001and2012)
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Source:Meteorological.ClimatologicalandGeophysicalBureau
Figure8.Air SurfaceTemperaturein WeatherStationLaid onTangerangCity.
Table4.UrbanTemperatureChangein TangerangCity (2001-2012)
No LOCATION LST AST LST AST
2001 2009 2010 2011 2012 2012 2012
PuspemBuilding 24.9 29.0 36.3 31.1 32.5 29.1 33.7
2 CikokolFlyover 24.5 29.5 30.5 31.5 29.5 28.8 36.2
3 OfficeBatuceperSub- 27.7 30.5 29.8 29.5 30.5 28.3 34.7District
4
OfficeCibodasSub- 27.2 28.5 34.4 32.5 31.5 29.9 32.8
District
5 MalabarMarket 26.9 29.0 31.0 31.5 28.5 30.4 33.4
6 IslamicVillage 26.4 29.0 30.5 30.5 30.5 30.2 30.7
7 OfficeKarawaciSub- 26.6 28.5 29.4 33.5 30.5 29.4 31.2District
8 CisadaneBuilding 26.9 30.0 31.0 32.5 32.0 29.4 34.2
9 CimoneBusStation 25.5 29.5 29.9 29.0 29.5 30.2 31.9
10 OfficePasirJayaVillage 25.5 29.5 31.5 32.5 33.0 30.4 34.2
11 OfficeGemborVillage 26.4 29.0 30.8 31.0 31.0 28.8 33.9
12 OfficeNeglasariSub- 26.1 29.0 29.6 30.5 32.0 29.1 31.6District
13 DutaGardenMarket 27.2 29.5 33.2 29.5 38.0 31.0 32.4
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Figure9.Spatial-TemporalUrbanHeatIslandLST inTangerangCity(ModelfromLST,
2001and2012)
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Table4 (cont.).UrbanTemperatureChangein TangerangCity (2001-2012)
No LOCATION LST AST LST AST
2001 2009 2010 2011 2012 2012 2012
14 BendaSub-District
25.8 28.5 31.0 32.0 31.0 28.6 34.1
15 BendaVillage 26.1 29.5 29.8 32.5 37.5 29.9 33.0
16 KarangTengahSub- 25.0 28.5 30.9 32.5 32.0 28.8 33.3District
17 BPI Building 25.8 29.5 34.2 29.0 29.0 29.1 30.4
18 CipondihSub-District 26.9 29 31.2 31.5 33.0 29.9 33.5
19
PorisPlawadBus 25.5 29.5 33.4 30.5 29.5 28,0 34.0
Station
20 PorisIndahHousing 26.6 29.5 35.7 28 33.5 29.9 32.8
21 BengkokMarket 27.7 29.5 30.8 32.5 34.5 30.7 35.1
22 GrahaBintaroHousing 26.6 29.5 31.7 32.5 33.5 29.6 32.3
23 CipeteVillage 26.0 29.5 30.9 29.0 32.5 29.1 31.7
24 PinangSub-District 25.2 28.0 29.1 32.5 33.5 28.0 32.1
25 PanungganganVillage 25.8 30.0 26.6 30.5 30.0 28.6 31.5
26 H.MencongStreet 26.4 28.5 34.9 31.5 29.0 30.7 30.4
Source:Survey,andDataProcessin 2012
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Figure1O.Spatial-TemporalDRI IndexinTangerangCity(2009,2011and2012)
UHI phenomenonLST
GfSModelingfromLST inTangerangCity
is shownin Figure9. UHfLST.Thefigure
indicatesthatarealcompositionof UHf
LST withtemperaturehigherthan30°Cin
2012is largerthanin 2001.Percentage
areain2001forUHfLSTwithtemperature
higherthan 30°C was less than 20%
(mainlyin Benda,Batuceper,andJatiu-
wung sub-district).In 2012, UHf LST
increasedtohigherthan80%for thearea
with temperaturehigher than 30°C,
expressedby red color coveringalmost
entireareaof thecity.UHf phenomenain
TangerangCity indicatedby temperature
higherthan30°C.Basedon landsurface
temperature,UHf phenomenoni 2001
alreadycoveredsmall area.UHf phe-
nomenoni 2012almostcoveredtheentire
areaofTangerang.
UHI IndexAST andLST
AverageDRI Indexin 2009is 3.6oC,in
2011is J .SoC,andthenin 2012become
1.2oC.The studyof UHf phenomenain
Tangerangcity identifiedthatthereis a
trendof UHII since2009,with average
UHf Index of 2°C. Spatio-temporal
analysisoftheUHf IndexAST is shownin
Figure10.TheUHf IndexLST in 2001is
9.78oC (LST max=31.78oC,LST min
=22oC)andUHf IndexLST in 2012is
13.96oC(LST max=3S.96oC,LST min
=22oC). - -
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This reseachrevealsthat there were
changingtemperatureconditions,bothair
surfaceandlandsurfacetemperaturein
TangerangCity. UHI phenomenonin
TangerangCity indicatedby temperature
higherthan30°C.Basedon landsurface
temperature,UHI phenomenoni 2001
alreadycoveredsmallarea.However,UHI
phenomenoni 2012almostcoveredthe
entireTangerangarea.UHI Indexin 2009
is 3.6oC,in 2011is 1.50Candin 2012
reachedup to 1.2oC.UHI phenomenon
occurredsince2001andthetrendof UHI
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